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1078–5Objectives. To review the occurrence of mycotic aneurysm affecting upper extremity arteries.
Design. Literature review.
Materials and methods. A MEDLINE search from 1950 until 2007 and an extensive manual search were carried out
using bibliographies from relevant published papers including cases involving arteries distal to the subclavian.
Results. A total of 149 cases (68 papers) were identified. The brachial artery was the most frequently reported site, mostly
associated with drug abuse, catheterization procedures or endocarditis. Since 1950 arterial trauma (drug abuse or cathe-
terization) was the commonest cause. Gram positive organisms were the most frequent microbes involved. Acknowledging
a limited follow-up, most patients did well when surgical therapy was promptly instituted.
Conclusions. Infected upper extremity aneurysms have been rarely described. IV drug abusers are a unique high-risk
group for mycotic aneurysms in the upper extremities, most importantly in the axillary and brachial arteries. When rapidly
performed, arterial ligation, primary repair or reconstruction with autogenous conduits was associated with favorable out-
comes.
 2007 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
Keywords: Mycotic aneurysms; Infected aneurysms; Bacterial endocarditis; Mycotic emboli.Introduction the worldwide experience with this disorder, to in-Native arterial infections result from the invasion and
structural disruption of the arterial wall by an infec-
tious agent, in the absence of prosthetic grafts or intra-
vascular stents. The end result of this invasion may be
the development of an aneurysm or pseudoaneurysm,
embolization or hemorrhage. When an aneurysm de-
velops because of an infection, it is termed mycotic.1
Mycotic aneurysms are infrequently encountered. Ce-
rebral arteries are most commonly affected, followed
by the aorta. However, involvement of the upper
extremities is only seen in about 10% cases in large
series.2,3 Given the relative rarity of upper extremity
involvement by mycotic aneurysms, we reviewedsponding author: L. R. Leon Jr., MD, RVT, SAVAHCS Depart-
f Vascular Surgery, Chief, AHSC - Assistant Professor of Clin-
rgery, 3601 South 6th Avenue. Vascular Surgery Section Room
Tucson, AZ 85723, Arizona, USA.
address: luis.leon@va.gov
884/000320 + 12 $34.00/0  2007 European Society for Vasculacrease awareness of this diagnostic possibility and to
characterize its presentation, diagnosis and therapy.Literature Search
A MEDLINE search of articles published between 1950
and 2007 (National Library of Medicine and OVID)
and an extensive manual search were carried out using
bibliographies from relevant published papers. The
main terms for inclusion were native, primary, upper
extremity/arm/forearm/hand mycotic aneurysms;
atypical or infected aneurysms, and other similar
terms. Only cases involving the axillary artery, down
to the palmar arch were included. Cases involving
the aortic arch, subclavian artery or proximal vessels
were excluded. Other search terms relevant to this
topic included septic arteritis, diagnosis, clinical pre-
sentation and management. As there are no prospec-
tive studies, all retrospective papers and case reportsr Surgery. Published by Elsevier Ltd. All rights reserved.
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321Infected Upper Extremity Aneurysmswere included. The findings from these studies were
anatomically organized in Tables 1e4 (Tables 5e7
only available on line): axillary artery (Tables 1 and
5),4e13 brachial artery (Tables 2 and 6),3,4,6,11,12,14e38
radial, ulnar or interosseus artery (Tables 3 and
7),2,9,11,12,31,39e59 and hand arteries involvement
(Table 4).60e67
A total of 74 papers reporting 148 cases were
included overall. Sixty-three papers were written in
English, 5 in French, 1 in Italian, 2 in Spanish, 2 in
Czech and 1 in German. Twelve papers included 2
cases of upper extremity mycotic aneurysms, the
rest were single case reports. Most of the papers
were reported in the decade between 1990 and 1999
(16 papers). For the analysis, only papers reported af-
ter 1950 were considered. Most papers reported prior
to that date lacked complete data. Additional Tables
are only included on-line for historical and thorough-
ness purposes. The data were analyzed for demo-
graphic features; aneurysm etiology, location,
bacteriology, size, method of therapy, follow-up and
outcome (morbidity and mortality).
It was somewhat difficult to calculate the mean an-
eurysm size in this group of patients, given that sev-
eral authors did not report exact sizes but rather,
size comparisons between the aneurysm mass and
well known legumes, objects or fruit sizes. In order
to obtain an approximated size, we attributed sizes
to the objects to which the aneurysms were compared.
Hickory nuts were given a measurement of 2.5 cm,
walnuts 1.5 cm, fist 12 cm, goose-eggs 10 cm and
cherries 2 cm. When two or three dimensional sizes
were given, the maximum diameter was always con-
sidered as a single measurement for a given aneurysm.Results
Axillary artery (Tables 1 and 5).4e13 Mycotic axillary
artery aneurysm has been seldom described. The first
report of mycotic aneurysms in this location was pub-
lished by Legroux in 1884.13 He described a 22 year-
old female with a left axillary aneurysm in the likely
setting of bacterial endocarditis. This mycotic aneu-
rysm presented with pain and a pulseless left upper
extremity due to embolism. After this report, 13 other
aneurysms have been cited in 9 papers (all in the En-
glish literature), affecting 12 patients. Four of these an-
eurysm were due to intravenous drug abuse (IVDA; 1
after contiguous spread from an infected vein), 2 asso-
ciated with endocarditis (1 from involvement of the
subclavian-axillary artery complex in an elderly alco-
holic with sepsis), while in the rest no clear informa-
tion as to the etiology was offered in the paper.Eur J Vasc Endovasc Surg Vol 35, March 2008
Table 2. Mycotic aneurysms of the brachial artery$
Paper Language Age Gender Mechanism Number of reported
aneurysms
(location; bacteria)
Size Treatment Follow-up Outcome
Behera
200314
English NA Male IVDA 8 (6 left, 2 right; NA) NA Bipolar ligation
and excision
NA NA
Leonard
200115
English 42 Male IVDA 1 (Right; Abiotrophia) 2.2 cm Ligation NA NA
Patra 20014,* English NA NA NA 2 (NA; NA) NA Surgical NA NA
Jaff 200016 English 29 Male IVDA 1 (right; Salmonella) NA Ligation þ excision NA NA
Benjamin
199917
English 56 Male IVDA 1 (right; MRSA) NA Axillobrachial vein
graft using deep vein
1 month NA
Cakalagaoglu
199918
English 39 Female Endocarditis 1 (left; Brucella) 3 cm Resection þ saphenous
vein graft
4 years Doing well
Al Zahrani
199719
English NA Male  4 NA 4 (NA; NA) NA 3 saphenous vein
grafts and 1 vein patch
2e8 months Mostly uneventful;
3/4 developed
iliofemoral DVT;
1 had below-the-elbow
amputation
Nawaz
199620
English 29 Male Endocarditis 1 (right; Neisseria elongata) 2 2 2 cm Resectionþ SVG
end-to-end
10 months Did well (numbness
below elbow)
Veilleux
19966
English 86 Male Endocarditis 1 (right; Strep pneumoniae) 7 8 cm Axillary-brachial artery
bypass on ligation
15 months Brachial plexus
involvement, died
from other reasons
Falco
199321
Italian 42 Male IVDA 1 (NA; Staph epidermidis) 2 cm Ligation, excision,
saphenous vein bypass
2 weeks Did well
Patel
198822
English 42 Male IVDA 1 (right; NA) 1 2.5 cm Ligation þ excision Left against
medical advice
Not known
Cabellon
198623
English 56 Male Brachial
catheterization
1 (right; Staph aureus) NA Excision, saphenous
vein bypass
6 weeks Did well
Cabellon
198623
English 67 Female Brachial
catheterization
1 (right; Staph aureus) NA Excision, saphenous
vein bypass
NA NA
Ho
198624
English 38 Male IVDA 1 (left; Staph epidermidisþ
Clostridium perfringens)
NA Ligation and
delayed excision
2 months Useful hand, but cold
intolerance
Ho
198624
English 38 Male IVDA 1 (left; NA) NA Resection and
brachial end-to-end
anastomosis
2 months Flexion contracture
above elbow;
otherwise did well
Lewis
198625
English 46 Male IVDA 1 (right; NA) NA Resection and brachial
end-to-end anastomosis
3 months Did well
Lewis
198625
English 46 Male IVDA 1 (left; NA) NA Antibiotics, ligation þ
debridement
NA Did well
Tuckson
198526
English 36 Male IVDA 1 (right; NA) NA Resection and brachial
end-to-end anastomosis
2 months Did well
Tuckson
198526
English 38 Male IVDA 1 (right; NA) NA Resection þ saphenous
vein bypass
NA Did well
Andresen
197827
English 61 Male Brachial
catheterization
1 (left; non-hemolytic
Streptococcus)
2 2.5 1.5 cm Resection and
end-to-end
anastomosis
6 months Did well
Cerny
197728
Czech 32 Female Endocarditis 1 (right; NA) Walnut at
onset, later,
fist-size
Saphenous vein bypass NA NA
Yellin 197729 English 31 Male IVDA 1 (left; clostridium) 4 cm Ligation and wound
debridement
NA Warm hand,
no claudication
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Yellin 197729 English 38 Male IVDA 1 (left; coagulase [þ] Staph aureus) NA Ligation, debridement
and wound packing
17 days Warm hand,
no claudication
Eshaghy
197430
English 29 Female Brachial
catheterization
1 (right; Staph aureus) 1 cm Wide resection of artery 3 weeks Use of hand without
claudication.
Arterial grafting
planned for future
Gedeon 197331 English NA NA NA 9 (NA; NA) NA NA NA NA
Warembourg
197332
French 27 Male^ Endocarditis 1 (NA; NA) NA Resection and
end-to-end
anastomosis
8 weeks Did well
Capdevila
196833
Spanish 27 Male Endocarditis 1 (right; NA) Walnut
size
None NA Died from aortic
valve rupture
Cross
196634
English 58 NA Brachial
catheterization
1 (left; Pseudomonas) NA Bed rest, hot soaks,
antibiotics
NA NA
Cross
196634
English 43 NA Brachial
catheterization
1 (right; Pseudomonas) NA Bed rest, hot soaks,
antibiotics
1 cm NA
Mentha
196635
French 34 Male Endocarditis
(Possibly;
not demonstrated)
1 (right; NA) 8 cm Interposition saphenous
vein graft
1 month Improving abnormal
median nerve function
Hoover
19653
English 41 Male Endocarditis 1 (right; NA) NA Antibiotics 5 months Aneurysm thrombosed
Lena 196436,** French 23 Male Endocarditis 1 (ulnar artery origin; NA) NA Ligation and excision NA NA
Sullivan
195837
English 26 Male Endocarditis 1 (left; Strep viridans) NA, left Excision, end to
end anastomosis
5 weeks Almost full function
of extremity
DVT: deep vein thrombosis; IVDA: intravenous drug abuse; MRSA: methicillin-resistant Staphylococcus aureus; NA: not available/not reported.
* Saccular aneurysm involved the distal axillary artery and the proximal brachial artery and was included in both tables.
** The location of this aneurysm was considered in this Table given that it was reported as affecting the origin of the ulnar artery (very close to the brachial artery).
^ Patient’s gender is reported as male in the Case Report narrative, however, stated as female in Table 3 in their manuscript.
$ Four other papers reporting mycotic aneurysms of the axillary artery are included in a separate Table, only available on-line (Table 6).
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Table 3. Mycotic aneurysms of the forearm arteries**&
Paper Language Age Gender Mechanism Number of reported
aneurysms (location;
bacteria)
Size Treatment Follow-up Outcome
How 200639 English 66 Female Endocarditis 1 (right arm; Strep
viridansþ Staph
epidermidis)
NA Reverse vein Y bypass
onto the ulnar and
radial arteries
6 weeks Satisfactory
recovery with
resolution of
paresthesia
Llacer 200540 Spanish 70 Female Infected arterial
catheter
1 (NA; NA) 1.6 1.4 cm Excision þ ligation NA Coma (from
complications
of giant
meningioma
resection)
Komorowska-
Timek 200441
English 59 Female Infected arterial
catheter
1 (right arm;
coagulase negative
Staph)
3 cm 3 cm Ultrasound-guided
thrombin injection
28 days No signs or
symptoms of
hand ischemia
or embolism
El-Hamamsy
200342
English 71 NA Infected arterial
catheter
1 (NA; Staph aureus) NA NA NA Survived
El-Hamamsy
200342
English 80 NA Infected arterial
catheter
1 (NA; Staph aureus) NA NA NA Died
El-Hamamsy
200342
English 69 NA Infected arterial
catheter
1 (NA; Staph aureus) NA NA NA Died
El-Hamamsy
200342
English 68 NA Infected arterial
catheter
1 (NA; MRSA) NA NA NA Survived
El-Hamamsy
200342
English 71 NA Infected arterial
catheter
1 (NA; Enterobacter
cloacae)
NA NA NA Survived
Stansby 200343 English 57 Male Infected arterial
catheter
1 (left radial, MRSA) 3 cm Radial artery ligation
and resection
NA Did well
Stansby 200343 English 76 Female Infected arterial
catheter
1 (right radial, MRSA) NA Radial artery ligation
and resection
71 days Did well
Stansby 200343 English 65 Male Infected arterial
catheter
1 (left radial, MRSA) Small Radial artery ligation
and resection
NA Did well
Harkin 200244 English 57 Male Infected arterial
catheter
1 (left arm; Staph
aureus)
2.1 cm 1.3 cm Radial artery ligation
and resection
42 Slow but
steady
recovery
Jayle 200245 French 67 Male Infected arterial
catheter
1 (NA; NA) 3e4 cm Radial artery ligation
and resection
3 months Did well
Ganchi 200146 English 80 Male Infected arterial
catheter
1 (right arm; Staph
aureus)
1.5 cm Radial artery ligation
and resection
NA Discharged to
rehab
Tsao 200047 English 80 Male Infected arterial
catheter
1 (right arm; Staph
aureus)
1.5 cm Radial artery ligation
and resection
NA Discharged to
home
Illuminati
199648
English 57 Male Direct trauma 1 (right interosseus;
NA)
NA Artery ligation and
resection
1 year Faring well
Falk 199249 English NA NA Infected arterial
catheter
1 (left arm; NA) NA Debridement,
resection and ligation
1 month Transferred to
long term care
facility
Falk 199249 English NA NA Infected arterial
catheter
2 (right arm; Staph
aureus)
4 mm Debridement þ
arterial repair
77 days Transferred to
long term care
facility
Falk 199249 English NA NA Infected arterial
catheter
1 (right arm; Staph
epidermidis þ
aureus)
2 cm Debridement,
resection and ligation
172 days Death from
other causes
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Falk 199249 English NA NA Infected arterial
catheter
1 (right arm; Staph
aureus)
NA Debridement,
resection and ligation
8 days Discharged
Falk 199249 English NA NA Infected arterial
catheter
1 (right arm; NA) 4 mm Debridement,
resection and ligation
148 days Discharged to
home on
ventilator care
Ortiz 199150 Spanish 57 Male Infected arterial
catheter
1 (right radial; NA) 3 4 cm Excision þ ligation NA NA
Ortiz 199150 Spanish 80 Female Infected arterial
catheter
1 (right radial; NA) 2 2 cm Excision þ ligation NA Discharged in
good condition
Swanson
199051
English 69 NA Infected arterial
catheter
1 (Staph aureus;
diphteroids)
NA Antibiotics þ excision NA Resolved
Swanson
199051
English 63 NA Infected arterial
catheter
1 (NA; Staph aureus
and epidermidis)
NA Antibiotics þ excision NA Resolved
Swanson
199051
English 61 NA Infected arterial
catheter
1 (NA; Staph aureus) NA Antibiotics þ excision NA Resolved
Swanson
199051
English 58 NA Infected arterial
catheter
1 (NA; Staph aureus) NA Antibiotics þ excision NA Resolved
Swanson
199051
English 51 NA Infected arterial
catheter
1 (NA; Staph aureus) NA Resection. Saphenous
vein graft
NA Resolved
Brown 19842 English 62 Male Infected arterial
catheter
1 (NA; Staph aureus) NA Ligation and excision 18 months Alive
Cohen 198452 English 38 Male Infected arterial
catheter
1 (NA; NA) 1.0 cm Resection. Saphenous
vein graft
6 month Doing well
with good
radial pulse
Ee 197953 English 39 Female Endocarditis 1 (NA; NA) 10 6 cm Excision þ ligation NA Uneventful
recovery
Gedeon
197331
English NA NA NA 2 (NA; NA) NA NA NA NA
Shnider
195454
English 45 Male Endocarditis 1 (left ulnar; a-
hemolytic Staph
aureus)
4e5 cm Excision þ ligation 2 years Did well
MRSA: methicillin-resistant Staphylococcus aureus; NA: not available/not reported.
** Goadby55 reported 6 further cases of ulnar artery mycotic aneurysms and 8 of radial artery involvement, based on his own literature review.
& Eight other papers reporting mycotic aneurysms of the axillary artery are included in a separate Table, only available on-line (Table 7).
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Eur J Vasc Endovasc Surg Vol 35, March 2008After 1950, 5 papers reported 7 aneurysms in this lo-
cation. The average age of patients presenting with
axillary aneurysms due to drug abuse was 29.8 years,
and it was more often seen in men. Overall, axillary
aneurysms were most often seen in young patients,
with an average age of 41 year-old (range 29e86). A
male gender predilection was seen. The bacteria in-
volved include Staphylococcus and Streptococcus
species only. Therapy has mainly been surgical with
aneurysm excision and ligation, vein graft reconstruc-
tion and fasciotomy. The follow-up for these patients
was limited and only available for 3 aneurysms
(mean follow-up 8 months; range 3e15 months),
and they all did reasonably well. One patient died
from unrelated reasons (stroke). One case reported
prior to 1950 died after non-surgical therapy of his an-
eurysm (only IV mercurochrome).10
Brachial artery (Tables 2 and 6).3,4,6,11,12,14e38 The
brachial artery is the most frequently reported site in-
volved in upper extremity mycotic aneurysms. Patra
et al4 identified a 3% occurrence of this problem (2
among their series of 58 infected aneurysms). Mycotic
brachial aneuryms have been reported in association
with IVDA,29 invasive catheterization procedures,30
or prosthetic valve endocarditis.18 A retrospective re-
view of 46 male drug addicts in India revealed eight
brachial artery pseudoaneurysms among 43 infected
peripheral artery aneurysms. Even though numbers
are small, the literature shows a preferential involve-
ment of the left antecubital fossa,14 as expected given
the right-hand dominance of the majority of the pop-
ulation. Addicts may deliberately inject into an artery
when superficial veins thrombose, but more com-
monly such intra-arterial injections occur inadver-
tently.29 Our review identified 27 papers, mostly
written in English (22; 3 in French, 1 in Czech and
1 in Italian). These papers reported 52 aneurysms.
There was a clear gender predilection for males
(male/female: 31/4), although in about half of these
cases the gender was unknown (33). The average
age at presentation was 41.4 years (range 23e86 in
29 cases available; in 23 cases age was not reported).
We did not identify a clear preference in side (right
arm affliction seen in 19, 15 affecting the left and 18
cases not reported). Most cases were secondary to
IVDA (21) followed by endocarditis (11). In 15 cases
the etiology was unknown and in 5, the aneurysm oc-
curred after brachial artery catheterization. When all
aneurysms were considered (since 1909), endocarditis
is presumed to be the most frequent causative factor,
although the accuracy of its diagnosis is doubtful
prior to 1950, as stated previously. Diameter ranged
from 1e8 cm, although in most cases the diameter
was not reported (39 aneurysms). The bacteriology
Table 5. Cases of mycotic aneurysms of the axillary artery reported prior to 1950^,**
Paper Language Age Gender Mechanism Number of reported
aneurysms (location;
bacteria)
Size Treatment Follow-
up
Outcome
Chamberlain
19439
English NA NA NA 1 (NA; NA) NA NA NA NA
Horsley
192510
English 23 Female Endocarditis 1 (Right axilla;
non-hemolytic Strep)
‘‘hickory
nut’’
None (IV 1%
mercurochrome-
220 soluble)
NA Died
Stengel
192311
English NA NA NA 3 (NA; NA) NA NA NA NA
Lewis 190912 English NA NA NA 1 (NA; NA) NA NA NA NA
Legroux
188413
French 22 Female Endocarditis 1 (Left axilla; NA) NA NA NA Improved
IV: intravenous; NA: not available/not reported.
** Goadby55 reported 5 further cases of axillary artery mycotic aneurysms, based on his own literature review. However, no additional data
were reported with regard to these aneurysms. They may include those reported by Horsley,10 Stengel,11 Lewis12 and Legroux13 (prior to
1949).
^ Gedeon31 reported his own review of the French literature, identifying 3 cases of axillary-subclavian aneurysms. However, no further
details were given.
327Infected Upper Extremity Aneurysmswas mostly unknown (33 cases). From those that
were reported, the involved organism included
Staphylococcus aureus (4), Clostridium species (3),
Pseudomona (2), Staphylococcus epidermidis (2),
methicillin-resistant Staphylococcus aureus (1), Strep-
tococcus pneumoniae (1), Brucella (1), Neisseria (1),
Salmonella (1), Abiotrophia (1), Streptococcus viridans
(1) and non-hemolytic Streptococcus (1). The therapy
widely varied from conservative measurements, with
bed rest, hot soaks and antibiotics,34 to excision and
arterial ligation, or arterial reconstruction with an
end-to-end anastomosis, vein graft interposition, vein
patch The follow-up was also widely variable, ranging
from in-hospital follow-up only to a maximum of 48
months.18 Complications included limb amputations,19
brachial plexus involvement,6,35 flexion contractures,24
spontaneous aneurysm thrombosis,3 and death from
unrelated reasons.33 The outcome was however
unknown in more than half of the cases.
Forearm arteries (Tables 3 and 7).2,9,11,12,31,39e59
Forearm mycotic aneurysms are only found in iso-
lated case reports.3,36,48 However, most of them are
encountered after arterial line cannulation. StansbyTable 6. Cases of mycotic aneurysms of the brachial artery reported
Paper Language Age Gender Mechanism Number of rep
aneurysms (loc
bacteria)
Hurwitz
194838
English 20 Male Endocarditis 1 (left; Streptoc
pneumoniae)
Stengel
192311
English NA NA Endocarditis 10 (NA; NA)
Lewis
190912
English NA NA Endocarditis 8 (NA; NA)
Lewis
190912
English 43 Male Endocarditis 1 (left brachial
bifurcation; NA
NA: not available/not reported.et al43 reported that until the year 2003, delayed ra-
dial artery pseudoaneurysm formation had only been
seen in association with infection, and only seen in
less than 20 cases published in the English literature.
Nevertheless, we have identified 40 reported cases
during that interval and, given the frequency with
which arterial lines are placed in a hospital setting,
we doubt that this represents the true prevalence
of this problem. An increased risk of infection has
been found to be associated with radial artery cath-
eterization of greater than 4 days duration. 51 Our re-
view identified 18 papers, mostly written in English
(15). Two were written in Spanish, and one in
French. Thirty-five patients were identified, each with
one aneurysm except for one patient afflicted with
two.49 The patients’ age was not available in 8 sub-
jects. From those available (27), the average age at
presentation was 63.6 years (range 38e80 year-old).
There were 11 males, 6 females and in 18 aneurysms
the gender was unknown. Their size ranged from
4 mm to 10 cm in maximal diameter. Their etiology
was most often iatrogenic (29 cases of infected arte-
rial catheters), followed by endocarditis (3), andprior to 1950
orted
ation;
Size Treatment Follow-
up
Outcome
occus 3.2 cm Ligation and
excision
8 weeks Uneventful
recovery
NA NA NA NA
NA NA NA
artery
)
Goose-
egg
Brachial artery
ligation
7 months Died
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Eur J Vasc Endovasc Surg Vol 35, March 2008unknown (2). An additional case was due to direct
forearm trauma, possibly secondary to recreational
activities.48 A case reported prior to 1950 was due
to otitis media and sepsis in a 46 year-old.56Aneur-
ysms most often involved the radial artery, an ex-
pected finding given the preferential use of this
artery for invasive monitoring. When ulnar artery in-
volvement was noted, it was most often in relation
to endocarditis. In those cases where the responsible
bacteria was reported, the most common organism
was Staphylococcus aureus (17; MRSA seen in 4 ad-
ditional instances), Staphylococcus epidermidis (3),
followed by Streptococcus species, Enterobacter and
diphteroids. Most of these aneurysms were treated
by ligation of the proximal and distal arterial
segments followed by aneurysm excision without
vascular reconstruction. Cases of spontaneous
thrombosis have been reported, as well as ultra-
sound-guided thrombin injection, vein bypasses or
primary arterial repair of the vessel involved. Most
patients’ outcome was favorable in our review.
Most of the adverse outcomes were due to unrelated
conditions. The follow-up varied widely, the longest
being 24 months.54
Hand arteries (Table 4).60e67 Palmar arch aneu-
rysms are most often seen in association with repet-
itive trauma to the ulnar artery; the so-called
‘‘hypothenar-hammer syndrome’’.68 Hand mycotic
aneurysms are an uncommon event. All cases have
been reported in the English literature, except one
(Czech). All cases have been reported after 1950.
Mycotic aneurysms in this location were seen in 4%
(7/177) of the series reported by Brown.2 We identi-
fied eight cases in our review, with an average age
of presentation of 44.3 years (11e69). There were
five males and three females. Five cases were related
to endocarditis, one after trauma, and two after sep-
sis (one after severe burns and another one after
a contralateral hand infection). All these aneurysms
were small (1.5e2.5 cm), which was expected given
the superficial anatomic location which restricts the
amount of expansion that the aneurysms can have
prior to diagnosis. In these cases, the outcome was
favorable with no neurologic sequelae or limb loss.
The bacteria most often associated with these aneu-
rysms was Staphylococcus aureus.
Discussion
Infected arteries have been described in almost every
location. Four mechanisms account for the develop-
ment of arterial infection: 1). mycotic aneurysms (sep-
tic emboli arising from cardiac valves, which lodge
within the arterial wall, where a suppurative infection
329Infected Upper Extremity Aneurysmsdevelops); 2). arteritis by contiguous spread; 3). infec-
tion of a pre-existing aneurysm (hematological spread
of the bacteria, which lodge in an area of pre-existing
aortic dilatation),69 and 4). microbial arteritis with an-
eurysm formation (bacteriemic patients that seed nor-
mal or atherosclerotic arteries, weakening the arterial
wall and ending up in an aneurysm). The intimal
layer is highly resistant to infection. Intimal disrup-
tion is a preferred site for bacterial seeding. Therefore
infected aneurysms are seen at sites of significant ath-
erosclerosis, arteriovenous fistulas, bifurcations and
coarctations.70,71
Untreated, mycotic aneurysms frequently follow
a rapid course and are often lethal. Before the intro-
duction of antibiotics, they were considered incurable.
In the early 1900’s, Richey and Maclachlan72 stated:
‘‘radical treatment of the mycotic-embolic aneurysm,
as a rule, is a useless procedure because the cardiac
condition remains unaltered’’. The subsequent devel-
opment of antibiotics, together with improvements in
surgical technique and a high index of suspicion lead-
ing to earlier diagnosis, have dramatically changed
this belief. Nevertheless, the morbidity and mortality
associated with this disease is still considerable. Our
analysis of mycotic aneurysms affecting the upper ex-
tremity shows an overall favorable outcome, with
most of the associated mortality due to the underlying
condition (i.e. sepsis or endocarditis). Outcomes such
as permanent neurologic deficits or amputations were
rarely reported. This is likely due to the generally
accepted good results of arterial ligation in the upper
extremity, and the rich potential collateral arterial
network of this anatomic region.
Prior to 1965 endocarditis was associated with
about one third of mycotic aneurysms.7 After 1965,
likely due to the introduction of antibiotics, this asso-
ciation has only been seen in 10% of cases. Arterial
trauma has since replaced endocarditis as the most
frequent etiology of mycotic aneurysms, associated
with the increase in invasive hemodynamic monitor-
ing and IVDA.2
Osler termed these aneurysms mycotic for the first
time in 1885.1 Eppinger73 in 1887 named them ‘‘mycotic
emboli’’, when he identified the same organisms in the
walls of a mycotic aneurysm, as those present in cardiac
vegetations of the afflicted patient. The bacteriology of
mycotic aneurysms also underwent a change after
1965. Salmonella was the most frequent pathogen prior
to that year. Staphylococcus aureus now accounts for
about one third of cases affecting all arteries.2 Many
other organisms have been identified including anaer-
obes. Microorganisms are only recovered in about one
out of four cases of clinically infected aneurysms. Two
additional infectious agents deserve special mention.In the pre-antibiotic era Syphilis was a well-recognized
cause for mycotic aneurysms, mostly in the aorta and
supra-aortic trunks.74e76 Our review did not identify
any such cases. Human immunodeficiency virus
(HIV) has been relatively recently linked with vascular
disease, in the form of aneurysmal or occlusive disease,
spontaneous arterio-venous fistula, hypercoagulabil-
ity, or with the normal spectrum of vascular disease
such as atherosclerosis or trauma where HIV positivity
is an incidental finding.77 No cases of HIV were identi-
fied in this sreies.
IV drug abusers are a distinct high-risk group for
the development of infected aneurysms. Benitez and
Newell78 reported their 5-year experience with vascu-
lar injuries related to drug abuse. They identified 134
arterial mycotic aneurysms. The vast majority affected
the lower extremities (128) compared to the upper
extremities (only 20 cases). This difference may be
explained by an attempt to hide the injection site in
the legs or by the lack of further suitable areas in
the upper extremities for drug administration due to
vein thrombosis and sclerosis.
Careful physical examination is needed for an ac-
curate diagnosis of mycotic aneurysm, which may
also detect splinter hemorrhages and ischemic lesions,
as evidence of digital embolization. As stated above,
because of the extensive collateral blood supply to
the upper limb, arterial infections in this region can
often be treated with simple ligation and excision. In
fact, Behera et al14 treated all of their patients with bra-
chial artery mycotic aneurysms with excision and li-
gation, and no revascularization was attempted, as
long as there was detectable distal Doppler flow. Fol-
lowing this premise, no upper limb amputations were
required in their series. This is particularly true when
the infected segment is between the thyrocervical
trunk and the subscapular artery, or distal to the pro-
funda brachii. Reconstruction when needed should be
done with a saphenous vein graft, deep veins17 or
similar autogenous conduits. Endovascular tech-
niques have also been reported, but only anecdotally
and in the emergent setting.79 They represent useful
novel tools to deal with this difficult problem. How-
ever at this time, the placement of endovascular pros-
thetics in these scenarios should be considered only as
a bridge to definitive therapy. As with all mycotic an-
eurysms, pre- and postoperative antibiotics should be
given for an extended period of time.69
Conclusions
Infected upper extremity aneurysms are rare. Endo-
carditis is the most common bacterial source overall
when all reports are considered. At present howeverEur J Vasc Endovasc Surg Vol 35, March 2008
330 L. R. Leon et al.arterial trauma (IVDA or catheterization) is the com-
monest cause. IV drug abusers are a unique high-risk
group for mycotic aneurysms in the upper extremities,
most importantly in the axillary and brachial arteries.
No reports of syphilitic or HIV-related aneurysms
were identified.
Since mycotic aneurysms occur due to arterial wall
infection, excision, debridement, and revasculariza-
tion when required should be considered standard
of care. Excision and ligation as definitive surgical
therapy is more appropriate in this location than else-
where, due to the rich collateral supply of the upper
limbs. When rapidly performed, surgical therapy
was associated with favorable outcomes.Acknowledgments
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